The present study was performed to investigate blueberry compost material alternative to commercially available one mainly containing peat moss and evaluate its potential in pot experiment using five bacteria. Initially, we divided our made compost (M) into three types based on pH (4.5, 5.5 and 7) using H2SO4. In physiochemical analysis, each type of M was found to have different composition of N P, Ca, Mg, Mn and S and higher than commercial compost. Our results indicate negative effects of acidification on bacterial population, diversity and activities of protease, chitinase, and cellulase in M compost. In blueberry pot experiment, plants were grown in 4.5 M, 5.5 M, 4.5 C and 7 M. Two types of treatments were performed including chemical fertilizer (F) and the other type contained bacterial culture (C) including B. amyloliquefaciens Y1, B. licheniformis MH48, B. pumilus L1, P. ehmensis KWN38 and P. elgii HOA73 grown together in broth containing chitin powder. The use of biofertilizers significantly increased plant biomass compared to all fertilizer treatments and pH 7 M treated with bacterial culture (C) has highest value among all treatments. Inoculation of bacteria not only increased total number and type of bacteria but also improved chitinase and gelatinase in rhizosphere of blueberry plants. These results suggest that our made compost can be used as blueberry compost and inoculation of five bacteria have positive effects on blueberry growth, bacterial population and enzyme activities in compost at various pH.
INTRODUCTION
Blueberry production worldwide increased 30% between 1992 and 2003, tracking an increase in consumer demand (Strik and Yarborough, 2005) . The blueberry is an ericaceous plant adapted to well-drained soils that are high in organic matter, with a preferred soil pH range of 4.5-5.5 (Haynes, 1986; Gough, 1993) . These adoptability criteria effectively limit its growth suitable sites for commercial production to specific geographical regions (Eck and Childers, 1966; Pritts et al., 1992) . Due to these limitations, number of research efforts have been attempted to investigate to improve soil properties. In this regard, compost may provide an alternative source, containing high content of organic matter. However, blueberry growth is predominated to grow at low pH, due to which other factors affected positively or negatively. The properties like physiochemical, biological and biochemical dependently varies with pH of compost. The indigenous microbes in the compost material can decompose the organic matter, and transformation of N component through oxidation, nitrification and denitrification (Atkinson et al., 1996; Tiquia et al., 2002) . Changes in pH level during the bioconversion also inhibit metabolic activity of microorganisms (Wong et al., 1995) . The short-chain organic acids are predominantly present in their un-dissociated forms at low pH, which are toxic to microorganisms. Microbial population and its activities in soil are often measured as soil enzyme activities (Frankenberger and Dick, 1983) . It is also well known that enzymes catalyzed all biochemical reactions during composting (Godden et al., 1983 : Garcia et al., 1992 Vuorinen, 2000) . Acidification of soil reduces rhizosphere bacterial population which indirectly causes decline in enzyme activities. To understand the composting process, the changes of different microbial populations such as bacteria, actinomycetes, and fungi would be helpful. Enzymes involved in carbon (C), nitrogen (N), and phosphorus (P) cycles are also affected by pH of the composting substrates (Kapoor and Rajagopal, 2011) . Therefore, the qualitative and quantitative changes which occurred after acidification is important criteria that should be evaluated. Rhizosphere-inhabiting microorganisms interact with the root system and with each other to influence plant growth and productivity. In this regard, addition of plant growth-promoting rhizobacteria (PGPR) or addition of specific substrate plays an important role to stimulate promotion of indigenous microbes to minimize the limitation of compost acidification processes. The addition of PGPR is widely used in modern agriculture to overcome stress condition and helps the plants with an increase in growth and yield. The PGPR benefit plants through different modes of action, including, (i) phosphate solubilization, (ii) dinitrogen fixation, (iii) siderophores production, (iv) antagonism to soil borne root pathogen producing secondary metabolites such as antibiotics (v) Lytic enzymes production, (vi) inducing systemic resistance (Kumar and Narula, 1999) . Many of the documented PGPR are members of Rhizobium, Azotobacter, Pseudomonas, Bacillus and Azospirillium (Antoun and Kloepper, 2001) . The genus Bacillus is widely studied as PGPR due to their best characterized root colonization ability and sporulation ability. Inoculation of Bacillus spp. in soil as PGPR can solubilize fixed soil P and increase inorganic P availability to plant (Kumar and Narula, 1999 ) resulting higher crop yields (Yadav and Dadarwal, 1997; Puente et al., 2004) . Many strains of Bacillus subtilis, Bacillus amyloliquefaciens, Bacillus cereus (Choudhary and Johri, 2009) , B. licheniformis CECT5106 and B. pumilus CECT5105 (Probanza et al., 2002) , Paenibacillus elgii HOA 73 (Nguyen et al., 2013) and Paenibacillus ehmensis KWN38 (Naing et al., 2014) have been found to interact with plants and produce beneficial effects including plant growth promotion and disease suppression In this study, attempts were made to formulate compost for blueberry plants growth. The formulated compost was further investigated for growing blueberry plants at various pH (4.5, 5.5 and 7) using five bacteria including Bacillus amyloliquefaciens Y1, Bacillus licheniformis MH48, Bacillus pumilus L1, Paenibacillus ehmensis KWN38 and Paenibacillus elgii HOA73 in comparison to commercial compost (pH 4.5) and plant growth was investigated. These isolates were selected on the basis of plant growth promoting abilities in our previous studies.
MATERIALS AND METHODS

Experiment material:
In this study, mainly two types of compost were used. One type, we made from mixing wood crust, peat moss, vermiculite, organic matter, crab shell powder, micronutrients and sulfur powder having pH 7.0±0.3 (M), while other compost was commercial compost mainly containing peat moss (pH 4.5). Our made compost (M) was divided into three parts on the basis of pH difference (5.5 and 4.4) using H2SO4 while one part was kept at its initial pH 7±0.3. The made compost was kept in close container at room temperature for one month before observations. The five bacteria used in blueberry pot experiment as biofertilizers including B. amyloliquefaciens Y1, B. licheniformis MH48, B. pumilus L1, P. ehmensis KWN38 and P. elgii HOA73 were isolated in our previous studies and registered at NCBI with accession number of KP967704, KP099612, KJ206069, JN050969 and JQ412069, respectively. Total of 100 blueberry plants of 20-30 cm (shoot) height were obtained from a commercial nursery grown in nursery media containing peat and pine bark. Physiochemical analysis: The Bulk density, volumetric water content, gravitational water content and gravitational density of compost were analyzed. The pH and electrical conductivity (EC) of composts were measured in a 1:5 (compost: water) aqueous extract. Total nitrogen content in compost was determined by sulfuric acid digestion using CuSO4 and K2SO4 as catalyst in the Kjeldhal method. Total organic-C was determined as described by Walkley and Black (1934) . The composts were finally assessed for P, K, Ca, Mg and S using inductively coupled plasma (ICP) spectrophotometer. All observations were carried out in triplicate and each assessment was performed three times.
Compost maturity
Total number of bacteria in compost: Total number of bacteria and chitinase producing bacteria were counted in each type of compost before pot experiment. In order to find out total number of bacteria, ten grams of compost was poured into the flask containing 100 mL of autoclaved distilled water, serially diluted and poured on LB (Laurie Britannia) agar plate. For isolation of chitinase producing bacteria, colloidal chitin was prepared by method of Monreal and Reese (1969) from chitin flakes (Samsung Chitopia Co. Korea). The compost samples were diluted serially and 100 µl from each sample was spread on chitin agar medium containing 0.5% swollen chitin (prepared from chitin 0.2% Na2HPO4, 0.1% K2HPO4, 0.05% NaCl, 0.1% NH4Cl, 0.05% MgSO4·7H2O, 0.05 CaCl2·2H2O, 0.01 yeast extract and 1.8% agar (pH 7). The plates were incubated at 30°C for 5 days. All colonies which showed the clear zone around their colonies were counted. The microbial populations were counted and expressed as log10 CFU number per g of dry compost. Biochemical assessment: The activity of three different microbial enzymes -cellulase, protease and chitinase were measured in each compost sample before pot experiment. Protease and cellulase activities were measured based on a method described by Alef and Nannipieri (1995) . Chitinase activity in compost was determined using the modified method of Tabatabai (1982) and Yedidia et al. (2000) . Briefly, the compost (0.5 g) was added to a test tube containing 0.25 ml of toluene, 4.0 ml of 50 mM sodium acetate buffer (pH 5.0), and 1.0 ml of 0.5 % colloidal chitin and incubated at 37°C for 2 h. After incubation, 1.0 ml of 0.5 M CaCl2 and 4.0 ml of 0.5 M NaOH were added to the mixture thoroughly and centrifuged at 10,000 g for 10 min. The supernatant was filtered through Whatman No. 2 filter paper. Schales' reagent (1 ml) was added to 0.75 ml of the filtrate, and the reaction was then initiated by heating in boiling water for 15 min. Chitinase activity was calculated by measuring the concentration of N-acetyl-glucosamine at 420 nm. Blueberry pot experiment: Total of 100 blueberry plants of 20-30 cm (shoot) height were obtained from a commercial nursery and transplanted into 20 L pots on Jan 2015. Experiment was performed in complete random block design with 10 for each treatment and experiment was performed in an open environmental condition. Nursery media, which contained peat and pine bark, was not removed from the plants during transplanting to limit root damage. Blueberry plants were grown for 7 months and then harvested for observation. Treatment preparation: Two types of treatment were performed after every 30 days. In one type of treatment, blueberry plants were treated with fertilizer containing CaMg 0.5g, sulfur 0.02g, micronutrients 0.01g and complex fertilizer 0.5g per 100 ml. In second type, 100 L of bacterial culture was prepared by growing B. amyloliquefaciens Y1, B. licheniformis MH48, B pumilus, P. ehmensis KWN38 and P. elgii HOA73 at 40°C in broth containing crab shell 0.1g, gelatin 0.05g, CaMg 0.5g, sulfur 0.02g, micronutrients 0.01g, complex fertilizer (NPK) 0.5g and sugar 0.5g per 100 ml. Before inoculation in pot, treatment (culture and fertilizer) pH was adjusted according to prescribed pH value of pot compost (4.5, 5.5 and 7) and each pot was amended with 1 liter of culture/ fertilizer. Total of five treatments were given after every 30 days. Plant observations: Blueberry plants were harvested after 7 months. After harvesting, plants were randomly but carefully uprooted to get the sample roots. The plants roots were washed gently under running tap water and dried. The plants were divided into shoots and roots, and used to measure shoot fresh weight, root fresh weight, total chlorophyll, total numbers of leaves, leaf weight and leaf area. Total number of bacteria in Compost: After harvesting plants, compost material was observed for total number of bacteria and chitinase producing bacteria. Total number of bacteria and chitinase producing bacteria were calculated as mentioned above before pot experiment.
Chitinase and gelatinase in compost: After harvesting plants, chitinase and gelatinase activity in soil were determined. Chitinase activity was determined using the modified method of Tabatabai (1982) and Yedidia et al. (2000) while gelatinase was assayed based on the method of Ladd and Butler (1969) . Statistical analysis: The data were analyzed by using the Statistical Analysis System 9.1 (SAS, 2002) program to calculate standard deviation and significance of difference at P<0.05.
RESULTS
Physiochemical properties of compost:
Physical properties like Bulk density, volumetric water content, gravitational water content and gravitational density were not significantly different in M of various pH (pH 4.5, pH 5.5, and pH 7) ( Table  1 ). The EC increased with application of H2SO4. Acidification of composts can remedy high pH, but the byproduct of the process is SO4ˉ, which increases compost salinity and as result EC increased. No clear trend was observed in the total N levels but was found more in all type of M compost compared to commercial compost. Total organic matters were found more in commercial compost compared to made compost. Phosphorus is also a major nutrient for plants and microorganisms. Available P in compost material was decreased with the application of sulfuric acid as pH 7 M has high concentration than pH 4.5 M and pH 5.5 M. All types of M were found to have more elements like P, Ca, Mg, Mn and S compared to commercial compost while M compost of various pH has different concentrations as shown in Table 1 . Number of bacteria: A significant adverse effect of H2SO4 was found on bacterial population in pH 4.5 M and pH 5.5 M (Fig. 1) . Total bacterial colony forming in pH 7 M was significantly higher than that of pH 4.5 M, pH 5.5 M and pH 4.5 C before transplantation of blueberry plants. The pH 4.5 C has lowest number of bacterial CFU in all treatments. The MC 7 was also observed to have the highest number of chitinase producing bacteria in all treatments while pH 4.5 C has the lowest CFU compared to all treatments. Biochemical assessment of compost: As a diagnostic approach, enzyme activity is used to evaluate compost fertility or in predicting crop production. In our study, we observed a significant decline in the activity of all enzymes in compost after addition of sulfuric acid in M compost ( Fig. 2A , * Analysis for Made compost was performed after one month of changing pH* 2B, 2C). Microbial biomass and enzymes have significant correlation with application of H2SO4 as pH declined. The chitinase and protease activities were found more in pH 7 M while cellulase was found more in pH 4.5 C as compared to all treatments. These negative correlations with enzymes activities indicate that as pH decreased the number of bacteria reduced, which indirectly affecting enzymes activity. 
Plant growth assay:
In blueberry pot experiment, incorporation of microorganisms in plants grown for seven months has increased plant weight compared to fertilizer treatment (Fig. 3) . The shoot weights in all treatments of bacterial culture were observed more compared to fertilizer treatments. The fresh root weight was found the highest in pH 4.5 followed by pH 5.5 MC while pH 7 MF has the lowest value than all treatments. Shoot length was found significantly higher of blueberry plants grown in compost of pH 7 M (70.6±4.8) amended with microorganisms (Table 2) . Total chlorophyll was found very low in pH 5.5 MF followed by pH5.5 CF, pH 7 MF, pH 5.5CC, pH 4.5 MF, pH 4.5MC and pH 7 MC. In our study, like shoot and root, leaf was also affected with significant difference using microbial culture treatment to grow blueberry as compare to fertilizer treatment. Moreover, pH was also affecting leaf as pH 4.5 MF have high leaf area , total number of leaves and leaf weight (fresh and dry) as compare to other fertilizer treatments . However, pH 7 MC has the highest number of values in leaf study (number of leaves, leaf area (cm 2 ), leaf fresh weight (g) and dry weight (g). Figure 4 . A significantly higher bacterial population (Log10) was found in all types of compost with bacterial inoculation. Total bacterial colonies and chitinase producing bacteria was significantly higher with pH 7 MC followed by pH 5.5 MC, pH 5.5 CC and pH 4.5 MC and found high as compare to fertilizer treatment. Lowest total numbers of bacteria were found in pH 5.5 CF while lowest chitinase producing bacteria were calculated in pH 4.5 MF. Chitinase and gelatinase activity in compost: After harvesting plants, pH 7 MC treatments has highest chitinase activity followed by pH 7 MF, pH 5.5 MC, pH 5.5 CC, pH 5.5 CF, pH 5.5 MF, pH 4.5 MC and pH 4.5 MF (5 A). Gelatinase activity (unit/g) in compost was also checked at the end of pot experiment and was found with maximum value in pH 7 MC highest among all treatment (Fig. 5B) . However, all fertilizer treatments were found low with chitinase and gelatinase activity as compare to their respective culture treatment, pH 5.5 MF <pH 5.5 MC pH 5.5 CF<pH 5.5 CC, and pH 4.5 MF<pH 4.5 MC. 
DISCUSSION
In this study, we formulated compost mainly containing wood crust, peat moss and crab shell powder (pH 7) to grow blueberry and compared its properties at pH 4.5, 5.5 and 7 with commercially available compost (pH 4.5). To compare growth of blueberry at various pH using five bacteria, we divided our made compost material on the basis of pH (4.5, 5.5 and 7) using H2SO4. A significant decline in compost pH was found due to acidification. Decline in compost material pH due to deposition of SO2was also reported by Bewley and Parkinson (1984) and Maynard et al. (1986) . Our made compost (pH 4.5 M, pH 5.5 M and pH 7 M) was found to have more N, P, K, Ca, Mg and S than commercially available compost. In our made compost, decline in organic matter was observed with application of H2SO4. Previous studies reported that soil acidification leads to changes in the solubility of organic matter (Stroo and Alexander, 1986 ) and such changes might affect the chemical properties of compost. Phosphorus is also a major nutrient for plants and microorganisms. Along with change in P level, elements like K, Mg, and Ca all were affected by lowering pH. Nutrients concentration containing P, Ca, Mg, Mn or Zn can be affected indirectly by high pH induced by an excess of exchangeable sodium (Abrol et al., 1988) . The impact of low pH on microbial populations was most evident for bacteria, fungi, protozoa and algae. Bacterial and fungal populations significantly changed due to short-and long-term acidification or SO2 deposition (Bewley and Parkinson, 1985) . For soil microbial community, pH has been proposed as the main factor affecting its biodiversity and richness Jackson, 2006, Lauber et al., 2009) , while sulfur is one of the predominant factor for Eh-pH characteristic of natural environment (Becking et al., 1960) . Our results indicate the adverse effect of acidification on bacterial population and type of bacteria. The pH 7 M has high number of bacterial population compared to pH 4.5 M, pH 5.5 M and pH 4.5 C. Diversity is highest in neutral soils and minimum in acidic soils (Hinsinger et al., 2009 ). In our study, there was a significant reduction in populations of chitinase producing bacteria in compost with acidification. Similar decline in heterotrophic microbial activity due to soil acidification has been reported by Bitton and Boylan (1985) . Shen et al. (2013) reported that soil pH was predominant factor for the spatial distribution of bacterial communities. Like microbial biomass certain enzymes may predominate at specific soil pH range. The microbial biomass is the key for production of enzymes, as biomass degraded or declined production of enzymes also decreased (Ayuso et al., 1996) . In our observations, enzyme activities clearly reduced, which indicate that application of H2SO4 caused pH declined affecting microbial biomass (chitinase producing bacteria) and their enzyme activities in compost. Frankenberger and Dick (1983) reported phosphodiesterase and galactosidase were found to correlate significantly with microbial biomass. Killham and Firestone (1983) reported a reduction in dehydrogenase, urease and arylsulfatase activities due to acid rain. In our pot experiment, there was significant difference in culture and fertilizer treatment regarding plant biomass including fresh shoot weight, shoot height, number of leaves, leaf area, leaf weight and total chlorophyll in all compost treatments. Our compost (pH 4.5 M, pH 5.5 M and pH 7 M) showed more growth as compare to commercial compost. The maximum plant biomass was found when plants were treated with bacterial culture at pH 4.5 (MC) and pH 7 (MC). The increase in yield at pH 4.5 M is due to optimal pH as according to previous reports that blueberry plant prefer low pH for growth (Eck, 1988 ). An increase in plant shoot weight was significantly correlated with application of bacteria in all treatments. Higher biomass of blueberry may be due to high uptake of some nutrients occurred with application of bacteria compared to fertilizer treatment. These results agree with according to the previous work of de silva et al. (2000) , who reported growth promotion of highbush blueberry by fungal and bacterial inoculants. The pH 7 MC showed significantly higher biomass compared to pH 5.5 M due to optimal pH for PGPR to compete with natural flora to colonize well and promote plant growth. Though the exact mechanism of growth promotion was not investigated in this study but may be the growth of blueberry promoted due to interaction of inoculated bacteria with plant roots. According to previous studies that many strains of B. subtilis, B. amyloliquefaciens and B. cereus interact with plant and suppress plant pathogens (Choudhary and Johri, 2009 ), solubilizing nutrients, fixing nitrogen, secreting growth regulators (de-Bashan, 2010) , and producing growthregulating substances (Brown and Surgeoner, 1991) , siderophores, HCN and lytic enzymes in the rhizosphere resulting plant growth promotion (Aeron et al., 2011) . The in vitro and in vivo growth promotion traits of bacteria used in this study were well documented in our previous studies (Nguyen et al., 2013; Kyaw et al., 2014; Lee and Kim, 2015; Jamal et al., 2015) . The bacterial population was found to enhance after harvesting blueberry plants. Mubashir et al. (2016) , reported plant growth promotion in wheat using Bacillus sp. MWT-14 and Pseudomonas sp. LYT-1 and found indigenous bacterial population played an important role. In all culture treatments, increased CFU of total bacterial population and chitinase producing bacteria is encountered by the fertilization of blueberry with five bacteria. The increase in rhizosphere bacterial population may be assumed due to inoculated bacteria. This increase in rhizosphere reflects our previous study in which an increase in total bacterial population was observed after inoculation P. ehmensis KWN38 in rhizosphere of tomato plants (Kyaw et al., 2014) . Our findings are also in agreement with the results of Kim et al. (2008) , who reported an increased in chitinolytic bacteria due to addition of growth medium containing chitin. According to previous studies of Chae et al. (2006) and Manjula and Podile (2001) , that chitin-containing formulations and addition of chitin-amended compost in soil increased population levels of chitinase producing bacteria in soil. Measurement of soil enzyme activity is known to be important criteria to predict overall microbial activity and microbial population. Hong et al. (2013) reported that addition of P. ehimensis RS820 culture broth containing crab shell powder as chitinous materials in soil increased the number of chitinolytic and gelatinolytic bacteria, along with production of lytic enzymes. In our study, activity of chitinase and gelatinase was found to increase with bacterial inoculation in compost. The chitinase activity increased due to crab shell powder in bacteria growing media. This shows that bacteria produce more chitinase using chitin as substrate in compost. This finding is according to our previous study in which addition of bacterial culture and crab shell powder significantly increased chitinase and gelatinase activities along with increased in chitinolytic and gelatinolytic bacteria in rhizosphere (Lee et al., 2015) .
Conclusions:
In our study, M compost was found to be more efficient compared to commercial compost as indicated by physiochemical properties and biochemical properties. The application of H2SO4 has negative effects on biochemical properties as pH 4.5 M and pH 5.5 comprising low bacterial biomass and enzyme activities than pH 7 M compost. In blueberry pot experiment, the microbial consortium enhanced more plant growth under natural pH (without application of chemicals) by increasing availability of nutrients for plants.
In addition, the rhizosphere of the higher biomass plants was found to have more bacterial biomass and enzyme activities. The application of microorganisms can be helpful to reduce complication of pH adjustment to grow lowbush blueberry. From our study, it can conclude that our made compost containing wood crust, peat moss and crab shell powder can be used as alternative to commercially available compost mainly contained pine bark and peat moss.
